A new species of the digenean family Brachycladiidae Odhner, 1905 is described from the bile ducts of a Gervais' beaked whale Mesoplodon europaeus Gervais (Ziphiidae) stranded on the North Atlantic coast of Florida. These parasites were assigned to Brachycladium Looss, 1899 and differed from other species of the genus in the relative size of the oral and ventral suckers, the form and size of the eggs and their extremely small body size. A canonical discriminant analysis was used to examine differences between these specimens and the smallest available individuals of B. atlanticum (Abril, Balbuena and Raga, 1991) Gibson, 2005, considered the morphologically closest species. The overall results exhibited significant differences between the two samples and a jack-knife classification showed that 96.2% of the specimens were correctly classified to their group. In view of evidence from morphological data, the specimens from M. europaeus are considered as new to science and are designated as Brachycladium parvulum n. sp.
Introduction
Beaked whales (family Ziphiidae Gray) of the genus Mesoplodon Gervais are among the least known groups of cetaceans, and most of the data on their biology have been obtained from stranded animals (Pitman, 2009) . Gervais' beaked whale, Mesoplodon europaeus Gervais, inhabits deep waters of the western North Atlantic, where it feeds mainly on mesopelagic cephalopods and fish. Most reports of this species come from stranding events on the Atlantic coast of Florida and North Carolina, where this species occurs regularly. However, there are also occasional records in the Eastern Atlantic on the coasts of France, Spain (including the Canary Islands) and West Africa (Norman and Mead, 2001 , and references therein). Parasitological data from M. europaeus are scarce, being limited to reports of the larval cestode Phyllobothrium delphini Bosc, 1802, nematode species of the genus Anisakis Dujardin, 1845, the acanthocephalan Bolbosoma vasculosum (Rudolphi, 1819) (Martin et al. 1990; Raga, 1994) and the brachycladiid digenean Cetitrema meadi Dailey, 2007 . The latter was reported from M. europaeus off the Atlantic coast of North Carolina (Dailey, 2007) .
During early 1976 an adult male Gervais' beaked whale was found stranded near Fort Pierce on the North Atlantic coast of Florida. Its organs were processed and numerous mature specimens of a digenean trematode were collected from the liver. These flukes were assigned to the family Brachycladiidae Odhner, 1905 (= Campulidae Odhner, 1926 and keyed down to Brachycladium Looss, 1899, a genus with no previous records from any ziphiid species. The present study describes these specimens as belonging to a new species of this genus based on morphological analyses.
We also tried to perform molecular analyses, but DNA could not be extracted or amplified likely because worms had been preserved for more than twenty years in 70% ethanol. We attempted three different protocols to extract genomic *Corresponding author: natalia.fraija@uv.es Brachycladium n. sp. from Gervais' beaked whale 511 DNA and amplify the second internal transcribed spacer (ITS2), i.e., (1) extraction of gDNA with a modified protocol using CTAB extraction buffer, (2) the QIAGEN DNeasy Blood and Tissue Kit, and (3) a standard phenol-chloroform protocol. Amplification of DNA was attempted with primers used before for digeneans (Miller and Cribb 2007; BlascoCosta et al. 2010) . All attempts were unsuccessful.
Materials and Methods

Sample collection
On the 7th of January, 1976 an adult male Gervais' beaked whale (4.13 m long) was stranded near Fort Pierce Inlet, Saint Lucie County, Florida, USA. We have no information on its condition. The necropsy was performed by Dr Daniel K. Odell, who inspected the liver for parasites. Eighty-eight digeneans were collected and fixed in 70% ethanol. This material was kindly passed to the Marine Zoology Unit, Cavanilles Institute of Biodiversity and Evolutionary Biology, Science Park, University of Valencia, for study.
Morphological analyses
Seventeen specimens were stained with iron acetocarmine and differentiated using HCl in 70% ethanol. Specimens were dehydrated through a graded ethanol series, cleared with dimethyl phthalate and mounted as permanent preparations in Canada balsam. Serial sections (10 μm) were cut from three specimens and stained in Mayer's haematoxylin and eosin (the stain was not taken up well, making the sections difficult, but not impossible, to interpret). A drawing of each worm was made with the aid of a microscope drawing tube, and diagnostic morphometric measurements were obtained using the program Image Tool v.3.0 (University of Texas Health Science Centre at San Antonio; downloaded from http://compdent.uthscsa.edu/dig/download.html). This program uses a spatial calibration based on a known measurement and calculates the number of pixels contained in a polygon defined by the shape of the structure to be measured.
The specimens from Gervais' beaked whale were morphologically similar to some of the specimens of Brachycladium atlanticum (Abril, Balbuena and Raga, 1991) Gibson, 2005 reported by Mateu et al. (2011) in the western Mediterranean. These authors described two forms of B. atlanticum: "normalsize" individuals from striped dolphins Stenella coerueoalba Meyen and "dwarf" individuals from common dolphins Delphinus delphis. We had access to these samples and the worms were processed and measured in the same way as our specimens. A canonical discriminant analysis (DA) was used to investigate morphometric differences between "dwarf" specimens of B. atlanticum from common dolphins and specimens from Gervais' beaked whale. Given that the overall sample was small (n = 26), only four discriminating variables were selected to avoid the risk of over-fitting, i.e. body area, oral sucker area, pharynx area and testes area, which could be measured in all specimens. Jack-knife cross-validation was used to ensure the stability of discrimination. The DA was performed with SPSS v. 19. Brachycladium parvulum n. sp. (Figs. 1-4 Etymology: The appellation 'parvulum', a Latin adjective meaning very small, is appended to the new taxon, reflecting the fact that it is the smallest species of the genus.
Description
[Observations and measurements based on 17 wholemounted and 3 serially sectioned specimens. Measurements (length × width) are shown as the range, with the mean in parentheses followed by the standard deviation, and are expressed in micrometres, unless otherwise stated; see Table I ]. Body small, elongate, fusiform, relatively stout, dorso-ventrally flattened, 4.9-8.4 (6.4 ± 0.9) × 0.9-1.2 (1.1 ± 0.1) mm. Anterior extremity more rounded than posterior. Body spines apparently lost. Forebody long, but shorter than hindbody. Oral sucker ventro-subterminal, 360-530 (427 ± 53) × 330-520 (405 ± 53). Ventral sucker located in anterior region of middle third of body, similar in size to oral sucker, 390-550 (449 ± 63) × 360-530 (425 ± 59). Oral sucker/ventral sucker length ratio 1:1.05. No distinct prepharyngeal pouch, but pharynx often protruding forwards into lumen of distinct prepharynx. Pharynx pyriform, 350-520 (437 ± 45) × 170-260 (214 ± 28). Oesophagus short. Intestine branches, giving rise to anterior and posterior caeca on each side of body; anterior caeca reach level of anterior margin of pharynx; posterior caeca reach close to posterior extremity of body; all caeca exhibit deep, globular diverticula on median and lateral sides. Uroproct absent.
Testes large, deeply lobed to elliptical, with or without notches, tandem, located in posterior region of middle third of body, irregular in shape; maximum dimensions: anterior testis 360-840 (623 ± 133) × 220-630 (379 ± 106); posterior testis 280-780 (570 ± 126) × 210-700 (482 ± 130). Cirrussac short, usually antero-dorsal to ventral sucker, contains seminal vesicle, pars prostatica and ejaculatory duct. Seminal vesicle long, broad, saccular, unipartite, forms single large loop occupying most of cirrus-sac. Wide pars prostatica and Ovary lobed, irregular in form, median, located between ventral sucker and anterior testis, 190-400 (269 ± 72) × 110-240 (170 ± 44). Uterine seminal receptacle and Laurer's canal present. Mehlis' gland, with widely dispersed gland cells, surrounds oviduct. Uterus coiled, intercaecal, dorsal to ventral sucker, extends between anterior region of vitelline reservoir and genital pore. Metratrem present, apparently unarmed, opens into genital atrium. Eggs oval, 49-61 (53 ± 4) × 35-49 (41 ± 3), round in cross-section. Vitellarium follicular; follicles arranged in dendritic, moniliform system extending throughout most of region between levels of posterior margin of pharynx and c.75% of post-testicular field; lateral fields confluent in forebody and in post-testicular region. Lateral vitelline collecting ducts extend throughout length of vitellarium, uniting to form small vitelline reservoir just posterior to ovary. Excretory pore terminal; excretory vesicle I-shaped, reaches anterior testis, where it gives rise to main lateral collecting ducts which pass ventrally to caeca into forebody.
Remarks
The specimens here described can be assigned to the genus Brachycladium based on the following characters (Gibson, 2005) : vitellarium reaching at least as far as the ventral sucker and extensive in the forebody; prepharyngeal pouch and uroproct absent; intestinal caeca diverticulate; cirrus and metraterm unarmed; ovary lobed; and forebody long, with ventral sucker in middle third of body.
Eight species are currently included in Brachycladium, i.e. B. delphini (Poirier, 1886) Looss, 1899, B. nipponicum (Yamaguti, 1942) n. comb. 1 , B. atlanticum, B. pacificum (Dailey and Perrin, 1973) Gibson, 2005 , B. curilense (Gubanov in Delyamure, 1955 ) Dailey, 2007 , B. goliath (van Beneden, 1858 n. comb. [syn. B. spinosum (Margolis and Pike, 1955) Dailey, 2007] , B. petrowi (Skrjabin, 1970) n. comb. and B. palliatum (Looss, 1885) Looss, 1899. Specimens from B. parvulum n. sp. can be distinguished morphologically from other species of the genus by a combination of the relative size of the oral and ventral suckers, the size and shape of the eggs and body size (Table I) . It differs from all species, except B. delphini, B. nipponicum, B. atlanticum, B. pacificum and B. curilense, in that the oral and ventral suckers are similar in size, and from all species, except for B. curilense, B. pacificum and B. atlanticum, in that the eggs are round in cross-section rather than triangular. In terms of general morphology, size and distribution, B. atlanticum appears to be the species most similar to B. parvulum.
Specimens of B. parvulum n. sp. are the smallest of all Brachycladium spp. (Table I ). However, dwarfism has been recorded in brachycladiids, including B. atlanticum, occurring in unusual host species (Adams et al. 1998; Mateu et al. 2011) . Body areas, obtained from the available material of Mateu et al. (2011) , were 26.42 ± 8.73 mm 2 for specimens, which these authors described as "normal" B. atlanticum (ex Stenella coerueoalba) and 15.49 ± 6.82 mm 2 for specimens, which they described as "dwarf" B. atlanticum (ex Delphinus delphis). The discriminant analysis between "dwarf" specimens of B. atlanticum and specimens of B. parvulum indicated that there are significant morphometrical differences between these two species (Wilks´ Lambda 0.201; F = 35.349, df = 4, p<0.005) ( Table II) . The jack-knife classification showed that 96.2% of the specimens were correctly classified to their group (Fig. 5) .
Discussion
The Brachycladiidae is a relatively small family of digeneans, the members of which occur worldwide, mainly in the hepatic ducts, intestine, air sinuses and lungs of marine mammals (Delyamure, 1955; Gibson, 2005) . Its taxonomy has been controversial, in part because specimens, often in poor condition, are collected from long-dead, stranded or frozen hosts (Gibson, 2002 (Gibson, , 2005 . The group was first considered as a subfamily, the Brachycladiinae Odhner, 1905, by Odhner (1905) based on Brachycladium palliatum; later Faust (1929) raised the Brachycladiinae to full family status. In between, Odhner (1926) used the name Campulidae, considering that Brachycladium was a synonym of Campula Cobbold, 1858. Recently, Gibson (2005) recognized Brachycladium as a valid genus distinct from Campula and accepted Brachycladiidae as the family name on the basis of priority. In his revision of the family, Gibson (2005) recognized two subfamilies and 10 genera: the Brachycladiinae, including Brachycladium, Campula, Hunterotrema McIntosh, 1960 , Odhneriella Skrjabin, 1915 , Oschmarinella Skrjabin, 1947 , Orthosplanchnus Odhner, 1905 , Synthesium Stunkard and Alvey, 1930 and Zalophotrema Stunkard and Alvey, 1929 and the Nasitrematinae Ozaki, 1935 , including Nasitrema Ozaki, 1935 and Cetitrema Skrjabin, 1970 The relative size of the oral and ventral suckers has been considered a diagnostic trait for differentiating brachycladiid species (Delyamure, 1955; Gibson, 2005) and indeed for digeneans in general. This criterion is supported by studies on the static allometry of brachycladiids, suggesting that the relationship between the dimensions of the suckers is proportional (Fernández et al. 1995) . Neiland et al. (1970) used body size as a criterion for differentiating species of Nasitrema. These authors indicated that this feature could vary among the various species within 50% of the mean. However, body size has not always proved to be a reliable diagnostic character in brachycladiids, because dwarfism has been reported when 6,300-7,900 × 6,300-6,800 500-2,600 × 650-2,500 2,700-4,700 × 3,300-4,800 2,000-5,000 × 2,500-4,100 1,658 (1,440-,979 since, in the original description, the length of the oral sucker does not resemble that in the illustration of the specimen (see Delyamure, 1955) a species infects an unusual host (Adams et al. 1998; Mateu et al. 2011 ). Although we consider that body size must be used with caution as a diagnostic character in isolation for differentiating Brachycladium spp., the huge range of body (and organ) sizes within the genus suggests that there must be limits to hostinduced differences. Note that B. goliath, which is 60-90 mm in length (Skrjabin, 1948) , is 7-8 times larger than B. pacificum, which measures 8.3-12.6 mm (Delyamure, 1955; Dailey and Perrin, 1973) (Table I) . We consider that the extremely small body size of B. parvulum n. sp. is probably diagnostic, because it is consistent with other morphological differences used for differentiating most species of Brachycladium. some of them, i.e. B. curilense and B. petrowi, from single records (Yamaguti, 1942; Delyamure, 1955; Skrjabin, 1970; Dailey and Perrin, 1973; Gibson and Harris, 1979 (Margolis and Pike, 1955; Zam, 1971; Raga and Balbuena, 1987; Gibson et al. 1998) , and now B. parvulum. Brachycladium atlanticum has also been reported in the Mediterranean Sea (Mateu et al., 2011; Quiñones et al., 2013) . In the waters off the coast of Florida, only B. delphini, from Tursiops truncatus Montagu, and B. palliatum, from Grampus griseus Gray, Stenella frontalis Cuvier, Steno bredanensis Lesson and T. truncatus, have previously been reported (Woodard et al. 1969; Zam, 1971; Forrester and Robertson, 1975) . In view of the evidence from morphological data and, in addition, the geographical and host-related information outlined above, we have no hesitation in considering the specimens recovered from M. europaeus as new to science, and for which we assign the name Brachycladium parvulum n. sp.
